C o m p u t a t i o n D e p a r t m e n t , U M I S T , M a n c h e s t e r , U K This chapter starts with an argument on how computer-based learning (CBL) can benefit senior citizens, then reviews the effects of aging on computer-based learning (CBL) and finally discusses how the CBL material should be designed for senior citizens to facilitate their learning experience.
experience with a PC is considerable. According to SeniorWatch (2003) , some 49 million older people across Europe have used a computer at least once in their life and around 27 million currently live in a household with internet access. Similar results have been found in surveys conducted in UK. The so-called silver surfers now represent 12% of Internet users in the UK with 37% of 60 to 64-year-olds now online at home (Guardian, 2003) .
The survey also revealed a higher level of computer ownership (50%) among the 60-64 age group than among the 18 to 30 year olds (46%) (Guardian, 2003) . What is then missing is the availability of services that allow older people to take full advantage of computers in the context of CBL.
Learning in the form of CBL provides both a challenge and an advantage for senior citizens. It can broaden their horizons, allow them to refresh and improve their acquired life experiences and knowledge and give them an opportunity for social interaction. Literature acknowledges that senior citizens are motivated by intellectual stimulation, increased understanding of a field of study and social interaction with peers (Leptak, 1989) . However, senior citizens require the CBL products and services to be adapted to their needs and requirements.
The first adaptation is related to the learning method. Seniors learn best if they can contribute to group activities and have some control over what they learn especially by utilizing their own experience and interests (Agruso, 1978; Clark, 1995) . Peer learning has been proven (Clark et al., 1997) to be beneficial for senior citizens in faceto-face learning settings. The peer learning model epitomizes three acknowledged theories of adult learning: andragogy, self-directed learning, and perspective transformation (Marriam, 1993) . Peer learning is student-directed, planned by the learners themselves, and undertaken to suit their personal circumstances (Clark et al., 1997) .
The second adaptation is related to the design of the CBL material. Ageing related decline in perceptual, motor and cognitive abilities experienced by senior citizens dictate that the CBL material incorporates features that can alleviate these declines. To enable the designers to incorporate these features, the following section describes these ageingrelated declines to enhance their understanding.
Ageing-Related Declines
Relatively little research exists that relates the effects of aging to CBL. However, there is extensive research that analyzes age-related differences in cognitive, motor and perceptual abilities. In general, cognitive aging literature shows that aging causes decline in the abilities to sense, process information and respond to stimuli. These declines can negatively affect older users' ability to perform computer-related tasks.
In this section we present a summary of available literature that addresses such age declines. It is advised that designers of CBL systems for senior citizens should take these issues into consideration.
Vision and Aging
There are two million people with vision problems in the UK and 90 per cent are over 60 (RNIB, 2003) . Fozard (1990) suggests that problems with vision tend to appear in early forties. At this age people have a decline in visual acuity (ability to see fine detail), begin to notice difficulty in adjusting focus for near vision. They usually experience a significant decline in contrast sensitivity (the ability of individuals to detect differences in illumination levels) by the age of fifty (Owsley, Sekuler, & Siemsen, 1983) . They may also experience higher sensitivity to glare (Kline & Scialfa, 1996) and reduced sensitivity to color, especially in the blue-green range (Helve & Krause, 1972) .
At around 60 years of age, older adults may show a reduction in the width of the visual field (Cerella, 1985) , a reduced ability to detect flicker, particularly in the peripheral visual field (Casson, Johnson, & Nelson-Quigg, 1993) , and problems with persistence (the sensation of continued presence of the stimulus after presentation of the stimulus has ceased) (McFarland, Warren, & Karis, 1958) . Seniors also appear to have a decline in processing visual information (Fozard, 1990; Kline & Szafran, 1975) . The ability to recognize figures that are embedded within other figures is reduced (Capitani, Della, Lucchelli, Soave, & Spinnler, 1988) , there is a decline in the ability to recognize objects that are fragmented or incomplete (Frazier & Hoyer, 1992; Salthouse & Prill, 1988) , and in locating a target figure in a field of distracters (Ellis, Goldberg, & Detweiler, 1996; Hess, Detweiler, & Ellis, 1999; Plude & Hoyer, 1986 ).
It should be noted that if the target location is constant there is little or no difference due to aging (Carlson, Hasher, Connelly, & Zacks, 1995; Farkaas & Hoyer, 1980) . Older people appear to benefit more than younger people when presented with advance cues indicating the future location of a visual search target (Kline & Scialfa, 1996) . However older people appear to learn visual searches at the level of the specific targets presented and unlike young people they do not show transfer of learning to new searches where the specific examples have changed but the categories have not (Fisk, Rogers, Cooper, & Gilbert, 1997) .
In term of font sizes, Charness and Dijkstra (1999) reported that older adults were slowed more than younger adults by smaller fonts when reading prose text. They proposed using 12-or 14-point type. Ellis and Kurniawan (2000) proposed that the visual sensing limitations of older users could be better addressed if designers:
1. Used only sans serif fonts (Arial, Helvetica, Verdana), and 2.
Used black type on a white background Both Ellis and Kurniawan (2000) and Czaja (1997) recommend that designers should create links that:
1. Are distinct and easy to see,
2.
Are fairly large (at least 180 x 22 pixels for a graphic button), and 3.
Have plenty of open space around them.
Hearing and Aging
About 20% of people between 45 and 54 years of age have some hearing impairment; this rises to 75% for those between 75 and 79 years of age (Fozard, 1990; Kline & Scialfa, 1996) . Seniors show a loss in the ability to detect tones over all frequencies (Rockstein & Sussman, 1979; Schieber, 1992) , miss attention-getting sounds with peaks over 2500 Hz. (Berkowitz & Casali, 1990; Huey, Buckley, & Lerner, 1994) .
By the age of 80 they may miss 25% of the words in a conversation (Feldman & Reger, 1967 ).
Coren (1994) instructed participants to listen to speech sounds and to indicate the level they preferred for listening. This experiment showed a huge difference in hearing comfort level for younger and older participants (for example, participants of 25 years of age had hearing comfort level of 57 dB, whereas participants of 75 years of age had hearing comfort level of 79 dB).
Cognitive Processing and Aging
As people age, there seems to be a general overall slowing of cognitive processing speed. The larger impact seems to be with tasks that require the most cognitive processing (working memory, overall attention capacity, and visual search performance).
Age effects are smallest for tasks where knowledge is an important aspect of the task, and largest for tasks where successful performance is primarily dependent on processing speed (Sharit & Czaja, 1994) .
Psychomotor Abilities and Aging
Aging also caused decline in the ability to make fast movements (e.g., in a car racing computer game). The movements also become less reliable and precise. In the context of interaction with the Web and computers, this decline is more pronounced in typing and mouse manipulation speeds.
With age comes lengthening of response times on more complex motor tasks (Light & Spirduso, 1990; Spirduso, 1995) . Older adults show poorer performance when asked to track a target (Jagacinski, Liao, & Fayyad, 1995) , are less able to cope with demands for repetitive speed (Krampe & Ericsson, 1996) , make more sub movements, and are slower in capturing a target with a mouse (Walker, Philbin, & Fisk, 1997) .
Furthermore, they tend to have some problems with cursor positioning (Charness & Bosman, 1990) .
Memory, Learning and Aging
Age gives a slight decline in the number of items which can be held in short term memory, an average of around 6.5 items can be held from the 20s through to the 50s but this then drops to around 5.5 for the 60s and 70s (Botwinick & Storandt, 1974) .
However tests of working memory show that there is a stronger decline in the ability to process items in short term memory as distinct from simply recalling them (Dobbs & Rule, 1990; Salthouse, 1994) . Light (1990) suggested that working memory decline underlies older peoples' problems in text comprehension. Processing of visual information in short-term memory also slows with age (Hoyer & Rybash, 1992) . It has been shown that older adults tend not to adopt strategies for organizing material to be more easily remembered unless prompted to do so (Ratner, Schell, Crimmins, Mittleman, & Baldinelli, 1987) . Older adults appear to perform worse on spatial memory tasks (Cherry, Park, & Donaldson, 1993; Denny, Dew, & Kihlstrom, 1992 ) and tend to have poorer memory for non-verbal items such as faces (Crooke & Larrabee, 1992) , or map routes (Lipman & Caplan, 1992) .
Design Solution of CBL Material for Senior Citizens
There are several ways of alleviating ageing-related functional decline in the design of CBL material:
1. By incorporating adaptive or adaptable interfaces 2. By applying universal/inclusive design principles 3. By adding on or integrating assistive technology into the applications.
There are some issues and problems related to the application of any of these alternatives into the design process. Adaptive interfaces require some intelligence built into the system, which might mean that it is highly dependent on how sophisticated and accurate the personalization and customisation algorithms involved. Adaptable interface requires some user customisation, which some user studies suggested as quite unlikely to be favourable with older users. The universal design is based on the idea of one-size fits all, which may work very well with younger user group but may not work as well with older users due to large variations in their functional decline. Assistive technology is conventionally designed for people with disabilities, and many of its products assume that help is only needed in one functional dimension. For example, a screen reader, a computer application to help people with declining vision, puts tremendous cognitive load on its users, which makes it helpful for the most-able blind users but may not be useable for older adults.
One of the best design methodologies to ensure that the design choices will produce the best solution for the CBL material is through user-centered design (UCD).
UCD is a philosophy and a process. It is a philosophy that places the person (as opposed to the 'thing') at the center; it is a process that focuses on cognitive factors (such as perception, memory, learning, problem-solving, etc.) as they come into play during peoples' interactions with things (Katz-Haas, 1998) . UCD seeks to answer questions about users and their tasks and goals, then use the findings to drive development and design. Zaphiris and Kurniawan (2001) adapted this user-centered design by involving only older users. The methodology was simply called "senior-centered design" (SCD), which refers to a methodology that involves older users in the process of designing products that are targeted towards the aging population. These authors advocated the use of this methodology for designing senior-centered products and services. 
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